The structure of bisucaberin, a new siderophore, was determined to be 1,12-dihydroxyl,6,12,17-tetraazacyclodocosane-2,5,13,16-tetrone by spectroscopic analysis and X-ray crystallographic analysis. The molecule of bisucaberin consists of a cyclic dimer of 1-hydroxyl,6-diazaundecane-2,5-dione moiety and is closely related to nocardamine, the trimer of the same moiety.
Bisucaberin, isolated from a culture broth of a marine bacterial strain identified as Alteromonas haloplanktis SB-1123, is a new siderophore which sensitizes tumor cells to macrophage-mediated cytolysis. Wehave reported the fermentation, isolation and biological properties of bisucaberin in the preceding paper1}.
In this report, we describe here the physico-chemical properties and structure determination of bisucaberin.
Results and Discussion

Physico-chemical Properties of Bisucaberin
Bisucaberin ( Fig. 1 ) was obtained as colorless crystals, mp 180°C (dec). It was soluble in dimethyl sulfoxide, slightly soluble in methanol and hardly soluble or insoluble in other organic solvents and water. The UV spectrum of bisucaberin is as follows; UV ffi°H nm (s) 215 (5,740) . Bisucaberin was positive to FeCl3 and chlorine -tolidme reactions.
On silica gel thin-layer chromatogram, it gave a single spot at Rf 0.52 (chloroformmethanol, 9:1).
The molecular formula of bisucaberin was established as C18H32N4O6 (MW 400) by elemental analysis and secondary ion mass spectrometry (SI-MS), anal calcd for C18H32N4O6: G 54.00, H 8.00, N 14.00; found: C As shown in Fig. 2 , the IR spectrum indicated the presence of the amide bond in the structure. The 13C NMRspectrum (DMSO-</6, 100 These data suggest that bisucaberin consists of a cyclic dimer of succinyl-(iV-hydroxycadaverine).
Structure Determination of Bisucaberin by X-Ray Diffraction
The structure of bisucaberin was determined by X-ray crystallographic analysis to be 1, 6, 12, 5, 1 3, 3 and 4) . Colorless crystals with thick plate form were grown in a methanol solution. The X-ray specimen Intensities of 1887 reflections out of 2416 possible ones were observed above the 2<j(I) level, within the 26 range of 6°through 156°. These were measured by the w-ld scan method with the scan speed 6°6 sec"1. Scan was repeated twice when the net counts during the first scan were less than twice the standard deviation of the background counts measured at both ends of the scan. The space group and the volume of the unit cell indicated that the cell contains half the molecule of bisucaberin and this half must be linked to the other half by a center of symmetry. This view was confirmed by the structure determination by the direct method which also revealed the presence of the molecule of hydration water. The structural parameters were refined by the block-diagonal leastsquares method to an R value of 0.047. The atomic parameters for 15 heavier atoms in an asymmetric unit are listed in Table 2 along with 18 hydrogen atoms which were located on the difference electron-density map and refined with isotropic temperature factors. The molecule consists of a cyclic dimer of l-hydroxy-l,6-diazaundecane-2,5-dione moiety (hereafter abbreviated as diazaundecane moiety) and is closely related to nocardamine2), the trimer of the same moiety. The molecular structure of bisucaberin is shown in Fig. 3 which was drawn by PLUTO program3). Table 3 7106 (2) 130 (1) 1576 (2) 3.73(3) ) moiety are trans amide configuration and both have similar dimensions although the imino hydrogen atom of the one amide group, N6H, is replaced in the other amide group by a hydroxyl group O1H, O1H forming a hydroxamic acid residue (C22H2-N1-C2-C3H2-). If the bond lengths and angles are II O2 compared between the two amide groups, only the largest difference is found in the bond angles subtended at the imino nitrogen atoms. While the angle C5-N6-C7 of the usual amide group is 121.8(2)°, C22-N1-C2 of the hydroxamic acid residue is 124.3(2)°. Substitution of imino hydrogen by hydroxyl group causes the widening of this angle. Table 3 . Bond distances (A) and angles (°).
336 (2) 402 (2) 509 (3) 240 (2) 523 (2) 
Though the amide groups take a trans planar configuration, the torsional angles about the NCH2 bonds immediately linked to the amide nitrogen atoms adopt a gauche conformation. Some methylene-methylene bonds also adopt a gauche form resulting in the formation of a macrocyclic 22 membered ring.
The conformation along the main chain bonds can be described roughly as, igttgttggtgt gttgttggtgt; starting at N1-C22 (Fig. 3) , where g, g and t denote gauche, minus gauche and trans conformation, respectively. Fig. 4 shows the role of the hydration water molecules. This molecule is situated near at the hydrophilic corner of the ring and is separated by some distance from the plane. Thus it forms three hydrogen bonds to the carbonyl and hydroxyl oxygen atoms of the neighboring rings. Table 4 lists the hydrogen bond distances found in the present crystal structure. The molecules are linked together through these intermolecular hydrogen bonds.
E xp erimental
Melting point was determined with a Yazawamelting point apparatus and was uncorrected. UVspectrum and IR spectrum were recorded with a Hitachi 220S spectrophotometer and a Hitachi 260-10 IR spectrophotometer, respectively. The XHand 13C NMR spectra were measured with a JEOL JNM-GX400spectrometer. TLCwas performed on a silica gel (Kieselgel 60 F254, Merck) developed with a mixture of CHCL-MeOH(9 : 1).
